The lone star tick, Amblyomma americanum (L.) (Acari: Ixodidae), is established in southeastern Nebraska, yet the prevalence of tick-associated microorganisms is not known. An initial PCR-based analysis for Ehrlichia chaffeensis, Ehrlichia ewingii, and Borrelia infection in host-seeking adult ticks collected in southeast Nebraska was conducted. A total of 251 adult ticks collected in six sites in southeast Nebraska were tested. E. chaffeensis, E. ewingii, and Borrelia spp. were present, and the prevalence of each was approximately 1.6%. This study demonstrates that Ehrlichia spp. are present in Nebraska lone star tick populations.
Introduction
The lone star tick, Amblyomma americanum (L.), is an aggressive ectoparasite and vector of various human and animal pathogens, including Ehrlichia chaffeensis (human monocytic ehrlichiosis) (Anderson et al., 1993; Ewing et al., 1995) , Ehrlichia ewingii (canine granulocytic ehrlichiosis) (Anziani et al., 1990; Mixson et al., 2006; Heise et al., 2010) , Rickettsia parkeri (Tidewater spotted fever) (Macaluso and Azad, 2005; Cohen et al., 2009; Jiang et al., 2012) , Francisella tularensis (tularemia) (Hopla and Downs, 1953) , and the recently described phlebovirus, Heartland virus (Bunyaviridae) (Savage et al., 2013; McMullan et al., 2012) . Other microorganisms associated with lone star ticks include Rickettsia amblyommii (Apperson et al., 2008; Burgdorfer et al., 1981) and Borrelia spp. (Barbour et al., 1996; Stromdahl et al., 2003) .
Lone star ticks became established in southeastern Nebraska during the 1980s; presently, populations occur from the south-central to east-central portion of the state, including the Omaha-Lincoln and Platte River corridors (Cortinas and Spomer, 2013) . In southeastern collection sites, lone star ticks were more prevalent compared to American dog ticks (Dermacentor variabilis (Say)) (Cortinas and Spomer, 2013) , and the lone star tick's high densities and wide host range in all life stages likely increase the possibility of encounter with human and animal hosts. Yet, the prevalence of lone star tick-borne pathogens in the state is not known.
Human epidemiological data suggests that lone star tick-borne pathogen transmission may be occurring in the state. There were 17 probable and one confirmed case of human monocytic ehrlichiosis (HME) between 1986 and 1997. These cases were diagnosed by indirect immunofluorescence assay (IFA) at the Centers for Disease Control and Prevention (CDC); at the time, ehrlichiosis cases were not reportable in the state (McQuiston et al., 1999) . However, there may have been confounding factors-a lack of tick-borne disease awareness among doctors and the public may have led to under-reporting of locally acquired cases, some cases may have not been locally acquired (McQuiston et al., 1999) , and cross reactivity of E. chaffeensis serological tests with E. ewingii and Anaplasma phagocytophilia was possible (Paddock and Childs, 2003) . Since 1999, ehrlichiosis cases have been reportable, and prior to 2007, no cases were reported. However, between 2007 and 2012, ten cases have been reported and confirmed (Adams et al., 2014; Nieves et al., 2009) . These data, coupled with anecdotes from the public about the occurrence of bull's eye rashes, encouraged us to evaluate the prevalence of E. chaffeensis, E. ewingii, and Borrelia spp. in lone star tick adults collected in southeastern Nebraska.
Material and methods
Ticks were collected from May to August 2012, during the time when lone star tick adults and nymphs are actively questing in the region (Kollars et al., 2000; Cortinas and Spomer, 2013) . Six sampling sites where lone star ticks are present were selected (Cortinas and Spomer, 2013 (Fig. 1) .These sites had the highest lone star tick densities in previous collections (Cortinas and Spomer, 2013) . Prairie Pines, Schramm Park State Recreation Area (SRA), and Wilderness Park are sites located in the Lincoln-Omaha corridor (Fig. 1) . Indian Cave SP, Prairie Pines, Schramm Park SRA, and Wilderness Park were visited six times every other week, whereas Table Rock and Kinters Ford were visited three times on visits that were at least four weeks apart due to poor weather conditions for sampling. Ticks were collected using carbon dioxide (CO2) baited traps, as previously described (Lockhart et al., 1997) . At least 20 traps were used per site visit and traps were placed approximately 20 m apart in forested areas. Traps operated for at least two hours from midmorning to late-morning, after which the traps were gathered and transported to the laboratory. Ticks were removed from the traps, identified to life stage, sex, and species (Cooley and Kohls, 1944; Keirans and Litwak, 1989; Keirans and Durden, 1998) , surface sterilized by being placed in a 1.7 ml centrifuge tube containing 100% ethyl alcohol and vortexed for 5 min, transferred into vials containing 95% ethyl alcohol to maintain tick surface sterility, and kept at −20°C prior to DNA extraction. Adult ticks were individually stored and nymphs were stored in groups of 10 based on collection site, date, and trap number. Voucher tick specimens were submitted to the Harold W. Manter Laboratory of Parasitology (University of Nebraska State Museum, Lincoln, NE) (Collection numbers 64578, 64579, 64580, 64581).
Individual adult ticks in autoclaved 1.7 mL microcentrifuge tubes were snap frozen in liquid nitrogen and mechanically crushed using two-inch disposable pestles (Fisher Scien-tific, Pittsburgh, Pennsylvania). Enzymatic digestion was performed with 20 μL of proteinase K and 4 μL polyacryl carrier (Molecular Research Center, Inc., Cincinnati, Ohio) to isolate small amounts of extracted DNA. Tick DNA was then extracted using the Animal Tissues Spin-Column protocol from DNeasy Blood and Tissue Kit (Qiagen, Valencia, California). Extraction material from each tick was stored at −20°C.
Amplification of a ∼389 bp fragment of the 16S rDNA fragment for E. chaffeensis (Anderson et al., 1992) was performed by combining individual tick extractions into pools of three using a nested PCR protocol. The initial amplification utilized general primers ECB and ECC for Ehrlichia spp. (Heise et al., 2010) in a 50 μL reaction. Individual samples contained 25 μL Taq PCR Master Mix Kit (Qiagen), 15 μL PCR Grade Water (Roche, Mannheim, Germany), 4 μL of each primer (10 μM) (Integrated DNA Technologies, Coralville, Iowa), and 2 μL of sample DNA (0.04-55.26 ng/μL). Alternatively, equal amounts of DNA extracted from three ticks (2 μL of sample DNA from each tick resulting in 6 μL of pooled sample DNA) were pooled and evaluated using the same conditions described above, reducing PCR Grade Water to 11 μL, and resulting in 50 μL total volume. Cycling conditions as described by Anderson and colleagues (1992) were used.
For the secondary nested reaction, 2 μL (individual samples) or 6 μL (pools) of primary product was used as template in a 50 μL total volume reaction containing the same PCR components with the exception of the primers HE3 and HE1 (Anderson et al., 1992; Heise et al., 2010) . Cycling conditions as described in Anderson et al.(1992) were utilized.
Reaction products were analyzed using gel capillary electrophoresis (QIAxel Advanced System, Qiagen). A negative control containing PCR grade water and an E. chaffeensis positive control was run on each gel (provided by Dr. Susan Little and Jeff Gruntmeir, Oklahoma State University Center for Veterinary Health Sciences, Stillwater, Oklahoma).
Amplification of a ∼407 bp fragment of the 16S rDNA fragment for E. ewingii (Steiert and Gilfoy, 2002) for individual and pooled samples was achieved using a nested PCR protocol using external primers ECB and ECC (Heise et al., 2010) as described for E. chaffeensis. The cycling conditions used are described in Steiert and Gilfoy (2002) .
For the secondary nested reaction, 2 μL (individual samples) or 6 μL (pools) of the primary product was used as template in a 50 μL reaction containing the same PCR components with the exception of the primers HE3 and EE72. Cycling conditions as described in Steiert and Gilfoy (2002) were utilized. Reaction products were analyzed using gel capillary electrophoresis. A negative control containing PCR grade water and an E. ewingii control was run on each gel (provided by Dr. Susan Little and Jeff Gruntmeir, Oklahoma State University Center for Veterinary Health Sciences, Stillwater, Oklahoma).
Borrelia specific PCR analysis targeted the Borrelia flagellin gene (flaB) (∼350 bp) using a nested protocol (Barbour et al., 1996; Stromdahl et al., 2003) . Primer pairs FlaLL and FlaRL were used in the first reaction. Reactions were prepared using 25 μL Taq PCR Master Mix (Qiagen) that contained 2.5 U of Taq DNA polymerase, 1 × QIAGEN PCR buffer, 1.5 mM MgCl2, and 200 μM of each dNTP, 5 μl of each primer (10 μM), 9 μl of nuclease-free water, and 6 μl of sample DNA. For the secondary nested reaction, 2 μL (individual samples) or 6 μL (pools) of primary product was used as template in a 50 μL total volume reaction containing the same PCR components with the exception of the primer pairs FlaLS and FlaRS in place of the initial primers. Final concentrations of the reaction are 2.5 U of Taq, 1.5 μM MgCl2, 200 μM of each dNTP, and 1 μM of each primer. Cycling conditions described in Barbour et al. (1996) were used for both reactions. Reaction products were analyzed using gel capillary electrophoresis. A negative control containing PCR grade water and a "Borrelia lonestari" positive control sample was run on each gel. The positive control was provided by Dr. Susan Little and Jeff Gruntmeir (Oklahoma State University Center for Veterinary Health Sciences, Stillwater, Oklahoma).
Ehrlichia positive controls and randomly selected positive samples amplicons were sent to Eurofins MWG Operon (Huntsville, Alabama) for DNA sequencing. DNA sequences were trimmed and aligned using align sequences function of the Nucleotide Basic Local Alignment Search Tool (BLASTn) (NCBI) and then inputted into Standard Nucleotide BLAST (NCBI) program to compare the samples nucleotide sequences to the databases.
FlaLL and FlaRL amplicons from all Borrelia positive samples were sent to the Iowa State University DNA Facility for sequence analysis. Prior to sequencing, PCR products were purified with deoxynucleotide triphosphates (dNTPs) and primers removed using ExoSAP-IT per manufacturer's instructions (Affymetrix, Santa Clara, California). Sequence trimming, assembly, alignment, and phylogenetic analysis were conducted using CLC Main Workbench 7.5 (Qiagen).
Results
A total of 251 (140 females, 111 males) out of 747 adult A. americanum was randomly selected among sample sets blocked by site and date of sampling for PCR analysis (Table 1) . Eighty-five pools consisting of a maximum of three ticks based on site and collection date were initially tested. Individual tick extractions of positive pools were subsequently processed.
Across all sites, four of 251 (1.6%) ticks were positive for E. chaffeensis (Table 1 ). All positive ticks originated from one site, Table Rock SWMA, in which 8.0% (4/50) of collected ticks were positive. Four ticks from three sites tested positive for E. ewingii (Table 1) (Table  Rock SWMA Positive controls, as well as two randomly selected E. chaffeensis and three E. ewingii positive samples, were sequenced to verify PCR results. As expected, sequences for E. chaffeensis positive control were 100% identical to E. chaffeensis 16S ribosomal RNA gene (GenBank accession number KF034786.1) and E. chaffeensis Arkansas strain 16S ribosomal RNA (GenBank accession number NR_074500.1), and sequence for E. ewingii positive control was 100% identical to E. ewingii genotype Panola Mountain 16S ribosomal RNA gene (GenBank accession number DQ365880.1). E. chaffeensis positive samples were 100% identical to the E. chaffeensis control sequence, and sequences for positive samples for E. ewingii were 100% identical to the E. ewingii control.
All samples positive for Borrelia spp. were also sequenced. Consensus sequence demonstrated 100% identity to "B. lonestari" MOV-2002 (GenBank accession number AY850064.1).
Discussion
The only other Nebraska study that has assessed lone star tick pathogen prevalence did not demonstrate any E. chaffeensis-infected ticks, though only 40 ticks in pools of ten were tested (Anderson et al., 1993) . The overall E. chaffeensis prevalence (1.6%) is in the low portion of the range observed in other studies in which prevalence varies between 0.4 and 23% (Burket et al., 1998; Roland et al., 1998; Steiert and Gilfoy, 2002) . Compared to E. chaffeensis, E. ewingii-infected ticks were more widespread in southeastern Nebraska, found in three sites (Indian Cave SP, Schramm Park SRA, and Table Rock SWMA). Tick infection rates between 2 and 2.9% were within the boundaries of other reported ranges (Wolf et al., 2000; Steiert and Gilfoy, 2002; Mixson et al., 2006; Cohen et al., 2010; Killmaster et al., 2014) . "B. lonestari"-positive ticks were found in three sites (Indian Cave SP, Kinters Ford SWMA, and Schramm Park SRA) and infection rates within positive sites ranged between 1 and 6%. Other studies have demonstrated prevalence similar to the one observed at Schramm Park SRA (6%) (Barbour et al., 1996; Bacon et al., 2003; Taft et al., 2005; Stromdahl et al., 2015) .
The genus-wide Borrelia primers from Barbour et al. (1996) provide evidence of the absence of other Borrelia species other than "B. lonestari." A recent publication (Stromdahl et al., 2015) describes the ability of these primers to amplify novel Borrelia strains potentially associated with human illness (B. americana, B. andersoni, B. bissettii) as well as B. burgdorferi. The lack of pathogenic Borrelia in A. americanum from Nebraska is important evidence because the role of these ticks in the transmission of Lyme group Borrelia is somewhat controversial.
Sites located close to Lincoln (Prairie Pines and Wilderness Park),which we hypothesize have been more recently invaded by lone star ticks (Cortinas and Spomer, 2013) , did not yield any positive ticks, though the number of ticks tested may have been insufficient to detect low infection rates.
In conclusion, our results demonstrate that lone star ticks in Nebraska are infected with E. chaffeensis, E. ewingii, and "B. lonestari." As we continue to assess the status of the lone star tick in Nebraska, we will incorporate tick-borne disease pathogen testing of all tick life stages and tick hosts, including potential natural hosts, as these organisms are of veterinary and public health importance.
